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1561-5413/Copyright ª 2014, Hong KoSummary The First Emperor of China (Qin Shi Huang: 259e210 BCE) would have been inter-
ested in interstitial nephritis. He might conceivably be fascinated to know that consumption of
mercury elixir, instead of giving him immortality, might have shortened his life by giving him
interstitial nephritis. In the Balkan region of Eastern Europe, clustering of a peculiar interstitial
nephritis is prevalent. One environmental risk contributing to Balkan endemic nephritis is aristo-
lochic acid contamination of cooking flour, drinking water, and herbal medicine. In addition, the
popular use of nonprescription Chinese weight reduction herbs and public unawareness of the
consequential aristolochic acid nephropathy has become a worldwide problem. Finally, the
mighty Romans of antiquity lost their empire, arguably due to lead in their wine containers, lead
water pipes, and lead cooking utensils. In modern times, lead paint has become universally
banned, which has resulted in a reduction of lead-induced interstitial nephritis. In recent de-
cades, bisphenol A (BPA) has been identified as a new environmental risk. BPA is in the plastic
coating of food and beverage containers to prevent corrosion. BPA is so ubiquitous that urinary
BPA and proteinuria are present in a high percentage of the population. BPA-induced kidney
injury and other health concerns have led certain countries to ban BPA. Now, BPA-free containers
are being introduced with great fanfare by manufacturers, but safety issues on all plastic prod-
ucts remain. It begs the question whether “plastics” of today take the place of “lead” in ancient
Rome. This is a challenging question without an answer at this point.
中國的首任皇帝 (秦始皇：259BCEe210BCE) 應該會對以下事實感到有興趣d他眼中的長生不老
丹藥 (含水銀)，原來會導致間質性腎炎，令他反而會折壽。另外，在東歐的巴爾幹地區，一種獨
有的間質性腎炎頗為盛行，此種「巴爾幹流行性腎炎」歸因於環境性因素d馬兜鈴酸
(aristolochic acid)污染了食用麵粉、飲用水、及草藥。事實上，基於大眾對馬兜鈴酸腎病變缺乏
認識，非處方中草藥 (減重用) 的普遍使用已導致了全球性的健康問題。有人甚至指出，羅馬帝國tal, Maine Medical Center, 22 Bramhall Street, Portland, ME 04102, USA.
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24 J.C. Chan的覆亡，可能與鉛中毒有關 (酒容器、水管、煮食用具中普遍含鉛)。近代，含鉛顏料已全面被禁
止，減少了鉛所導致間質性腎炎的發生。在最近數十年，bisphenol A (BPA) 被發現為一種新的環
境性危害，它存在於食物與飲料容器上的塑料塗層，用於預防腐蝕，其廣泛使用導致人口中有高
比例出現尿液含 BPA及蛋白尿現象。基於與 BPA有關的腎臟傷害及其他健康問題，BPA已被某些
國家禁止使用。目前，有生產商正致力推廣不含 BPA 的容器，但塑膠製品的安全性問題仍然存
在。現代塑料的危害是否類似古羅馬時代的鉛，實在是一個值得令人深思的課題。Introduction
The timeline of the early Han dynasty parallels that of the
ancient Roman Empire of the Mediterranean world. Both
the Roman and Han empiresdat their respective pinna-
clesdwere about equal in population, wealth, and cultural
and political supremacy. Each of these empires declined
and collapsed due to multiple reasons of their own. For the
Roman Empire, the contamination from lead cooking
utensils; lead conduits in transportation of drinking water
and storage of their wine have been regarded as a possible
issue. If correct, it is an early example of environmental
pollutants on the fate of an empire.
New environmental risk: Bisphenol A and
kidney injury
With reference to environment and kidney injury, there has
been increasing scientific and public concern about
bisphenol A (BPA), an industrial ingredient of polycarbons,
coating food and beverage containers used to prevent
corrosion. BPA is an endocrine disruptor mimicking estrogen
and disrupting glucose, thyroid, adipose tissue metabolism,
and increasing diabetes mellitus, infertility, and cardio-
vascular risks.
Human exposure to BPA is so ubiquitous that it is
detected in the urine of 95% of the population in industri-
alized countries. Two recent Kidney International publica-
tions1,2 focused a bright light for the first time on possible
kidney injury from BPA. The first paper was in late 2012: in
over 3000 adult residents of Shanghai, China increasing
urinary BPA was documented and shown to be associated
with increasing proteinuria.1 This association stayed un-
modified by age, sex, body mass index, hypertension, or
sociodemographic factors of alcohol consumption or
smoking.
In early 2013, similar association of urinary BPA to uri-
nary proteinuria was demonstrated in over 700 children2
from analysis of samples in a biorepository of the United
States 2010 National Health and Nutrition Examination
Survey.2 How the medical community and the general
public will respond to this line of new findings is an open
question. With BPA the focus of swiftly rising public
concern, BPA-free products are being introduced with great
fanfare by the manufacturers of plastic utensils.
Historical perspectives
With lead arguably weakening the ancient Roman Empire as
historical background, the ubiquitous usage of plastics in
our modern life, begs the question whether “plastics” arethe environmental risks to today’s world as “lead” was to
the ancient Roman world. The following historic perspec-
tive reflecting on environmental risks to kidney injury is
relevant and compellingdparticularly in relation to how
interstitial nephritis came to be defined and understood.
In 1842, Bowman’s3 examination of kidney histology led
to his discovery of Malpighian bodies (or glomerular cap-
sules) being connected to kidney tubules. He suggested
that the filtration of urine resulted from this assembly.
Later histologists regarded the interstitium of the kidney,
as 80% of the renal parenchyma exclusive of the glomerular
compartment. Subsequently, the term “interstitial
nephritis” is commonly used to refer to kidney injury of the
interstitium, and distinct from predominantly glomerular
injury, which is referred to as glomerulonephritis.
In 1860, Taylor and Pavey4 described interstitial injury
following mercury bichloride ingestion. Those readers of
this commentary with an interest in history will easily recall
that the great Han dynasty historian Sima Qian, recorded
that Qin Shi Huang, the First Emperor of a unified China,
took mercury as an elixir for everlasting life. If so, mercury
poisoning may have shortened the Emperor’s life to 49
years (259e210 BCE). It can be argued that the emperor Qin
Shi Huang may have been the first world figure to have his
life cut short by mercury-induced interstitial nephritis.
In 1898, Councilman5 observed in victims of diphtheria
or scarlet fever, that despite sterile kidneysdwith evi-
dence of bacterial infectiondthere was intense leukocyte
infiltration into the interstitium, features compatible with
an allergic reaction. Hence the concept evolved that
interstitial nephritis was an allergic reaction to infections
such as diphtheria or scarlet fever.
In 1943, Melnick6 reported similar findings in the kidney
of allergic reaction with antibiotics. In 1953, Spuhler and
Zollinger7 reported that analgesics can cause interstitial
nephritis.
Thus, the historical list of conditions causing interstitial
nephritis includes contamination with heavy metal such as
mercury, exposure to infections such as diphtheria or scarlet
fever, and allergic reaction to antibiotics and analgesics.
Acute interstitial nephritis
In addition to the historical perspectives above, the list of
conditions giving rise to acute and chronic interstitial
nephritis continues to expand rapidly. Acute interstitial
nephritis is characterized by renal parenchymal edema and
infiltration of inflammatory cells.
Acute interstitial nephritis can result from the following
general categories of injury: antibiotics; nonsteroidal anti-
inflammatory drugs; diuretics; infectious agents; analge-
sics; autoimmune reactions.
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are the following: abrupt reduction in glomerular filtra-
tion rate; skin rash occurring in 50% of cases; fever in 75%;
eosinophilia in 80%.
Chronic interstitial nephritis
Chronic interstitial nephritis is characterized by fibrosis and
atrophy of the renal parenchyma. Chronic interstitial
nephritis8 occurs secondary to the following categories of
injury: analgesics; lead, cadmium, and other heavy metals;
traditional Chinese medicine (TCM) herbs containing aris-
tolochic acid; Balkan nephropathy; immunoglobulin G4
(IgG4) related nephropathy.
In chronic interstitial nephritis, the reduction in
glomerular filtration rate is gradual. There is nocturia,
weakness, anemia, hematuria, glycosuria, and hyperten-
sion in 50% of patients.8 The list of causes of chronic
interstitial nephritis is long and expanding all the time. This
commentary will focus on chronic interstitial nephritis as
exemplified by Balkan nephropathy, heavy metal contami-
nation, TCM containing aristolochic acid, and the newly
described IgG4-nephritis.
Mechanisms of interstitial injury
Fig. 1 illustrates a plausible model of renal injury, leading to
chronic interstitial nephritis, fibrosis, andkidney failure. First
of all, environmental factors cause both glomerular and
metabolic defects. With glomerular defects, the pathogen-
esis involves an external triggerdfor example antibioticsdto
change the glomerular permselectivity. The altered permse-
lectivity allows toxins to leak back to the tubuli, instead of
being excreted in the final urine. This results in intra-
glomerular hypertension and peritubular hypoxia.9
It is worthwhile to recall that up to recent years, all
nephrologists have regarded proteinuria as merely a marker
of glomerular injury, but new evidence supports the
evolving concept that proteinuria is damaging to the
nephronsdhence the new term “protein-overload
proteinuria”.Figure 1 A model of progression from interstitial nephritis to ch
stimulate tubular interstitial antigens, which activate epithelial m
nents, cellular infiltration, and initiate fibrosis and atrophy of theProtein-overload proteinuria contributes to both
glomerular and tubular injury. Glomerularetubular cross
talk promotes production of tubular interstitial antigens.9
These antigens cause epithelial mesenchymal trans-
position, transforming tubular epithelial cells into active
fibroblasts, which are the cells associated with fibrosis and
atrophy.10
Tubular interstitial antigens arise from other endoge-
nous sites, e.g., thin basement membrane, extracellular
matrix, additional renal cells, and from exogenous anti-
gens, such as drug conjugates acting as haptens.
Parallel to glomerular defects, systemic metabolic de-
fects, such as persistent metabolic acidosis, hypokalemia,
and hypercalcemia produced renal injury by accelerating
the production of tubular interstitial antigens, epithelial
mesenchymal transposition, fibrosis, and atrophy.9,10
The progression of renal fibrosis to chronic kidney disease
(CKD) requires at least two additional molecules: integrin11
and microRNA-150.12 First, integrin binds to extracellular
matrix, activating intracellular signaling to achieve cell-
matrix interactions.11 Second, microRNA-150 promotes
proximal tubular and mesangial cell fibrosis by increasing
profibrotic molecules through downregulation of suppressor
of cytokine signaling 1.12 Intense research efforts are being
focused on downregulating the expression of these mole-
cules, with the hope of eventually translating basic research
to medications capable of stopping fibrogenesis and ending
the previously unrelenting progression to CKD.
Environment and kidney injury
In order to explore key aspects linking the environment to
kidney injury, four groups of chronic interstitial nephritis
will be examined here: endemic (Balkan) nephropathy; TCM
slimming herbs; lead and cadmium; and IgG4-related
nephropathy.
Balkan endemic nephropathy
Balkan endemic nephropathy is one of the older, traditional
examples of the clustering of one disease at one location. Inronic kidney disease (CKD). Glomerular and metabolic defects
esenchymal transposition (EMT), excite complement compo-
interstitium.
26 J.C. Chanother words, an example of how environmental factors
cause interstitial nephritis.
The Balkan refers to the Danube River plain in southeast
Europe, including Serbia, Bosnia, Montenegro, Croatia,
Romania, and Bulgaria, where up to 5% of the population is
diagnosed to have interstitial nephritis, after residing in the
region for > 15 years.
Clinical findings of Balkan nephritis include renal tubular
dysfunctions of proteinuria and glycosuria, anemia, and
uroepithelial malignancies.9
The environment factors responsible are beginning to be
clarified. There are four possibilities. First, the flour to
make the daily bread in this location is from wheat
contaminated with seeds of Aristolochia demotitis.13 Sec-
ond, TCM in use in the area has been shown to inadvertently
contain aristolochic acid. Third, mycotoxins have been
found in mushrooms used in local cuisine. Finally, polycyclic
hydrocarbons from the use of low-rank coal, tar from wild
fires, all leaching into drinking water. Balkan nephritis
stems from one or a combination of all these factors.9
The environmental pollutants such as polycyclic hydro-
carbons leaching into drinking water are long standing, but
the issues of aristolochic acid contamination of flour or TCM
are newly encountered in the Balkans, as the West becomes
more familiar with alternative medicine. TCM has gained
popularity for all sorts of ailmentsdsuch medications are
less expensive and not as highly regulated as compared to
western medicine. Thus it remains to be determined
whether Balkan endemic nephropathy arises from one or a
combination of all these environmental factors.9Slimming regimens involving TCM
In our highly interconnected world, the clustering of one
disease such as Balkan nephritis at one location can still have
global relevance. The research linking aristolochic acid to
Balkan nephritis swiftly led to finding aristolochic acid asso-
ciated with interstitial nephritis in Belgian women taking TCM
for weight reduction.13,14 These patients presented with
proteinuria and glycosuria.14 Renal biopsies in these patients
showed interstitial nephritis, cortical fibrosis, and tubular
atrophy. Imaging studies showed small kidneys with irregular
borders. The clinical course is variable and discontinuance of
the slimming herb may not arrest CKD progression.13
This distressing association is aggravated by the
exceedingly high risk of malignancy: 18 out of 39 patients
with chronic ingestion of Aristolochia herbal medicine
developed urothelial carcinoma.14 Important to note that
this risk of malignancy is encountered in some patients with
a past history of having ingested the Chinese herb Aristo-
lochia fangchi for no more than a few months.14
Finally, the occurrence of urothelial carcinoma is also
correlated to the cumulative dosage of A. fangchi.14 Reg-
ular urinary cytology is necessary and, in high risk patients,
drastic measures such as bilateral nephrectomy may need
to be considered, as the authors of this paper recom-
mended.14 Needless to say, a very high cost for wishing to
lose some weight.
Slimming Chinese herbs are now regarded as a world-
wide health issue,13 because of lack of public awareness
that such nonprescription herbs may contain aristolochicacid and be associated with interstitial nephritis and
bladder malignancy.
Lead and cadmium
Chronic lead intoxication was prevalent in the past because
of lead-based house-paints. Through public awareness, and
the action of medical societies and national governments,
lead paint has become commonly banned, which results in a
reduction of interstitial nephritis from lead pollution. Lead-
free paints and products are now compulsory in most
industrialized countries. However, older buildings with
peeling lead paint and flaking paint dusts continue to put
inhabitants at risk of lead poisoning, in particular the highly
vulnerable, growing child residing in such an environment.
Kidney injury results in mild to moderate reduction in
glomerular filtration rate. The renal histology shows inter-
stitial fibrosis and tubular atrophy. The clinical course is a
slow progression over many years to end-stage kidney
failure. Treatment with EDTA chelation offers marked
improvement in renal function.9
In the early 20th century, Japan was undergoing rapid
industrialization, but the unregulated and poorly controlled
growth, resulted in massive environmental contamination
from mining, which affected the drinking water and rice
growing. In particular zinc smelter workers suffered from
cadmium pollution in the process.9
The clinical features of chronic cadmium contamination
in water and food are bone pain, osteopenia, and kidney
failuredcharacterized initially by proximal tubular de-
fects: proteinuria, aminoaciduria, glycosuria, hyper-
calciuria, and phosphaturia.9 This was a part of Japan’s
early history of modernization, for which her society paid a
heavy price.
IgG4-related nephropathy
Several articles in 201015 and 201116 reported patients
presenting with autoimmune pancreatitis, IgG4-sclerosing
cholangitis, aortitis, and periaortitis. Clinical features
include lymphadenopathy, parotid masses, and retroperi-
toneal fibrosis. A male predominance has been noted.15,16
Elevated serum IgG4 is typical of IgG4-related nephritis.
Additionally, serum IgE is elevated. Finally, serum com-
plements are low. These features are characteristic of an
autoimmune disease, but the origin of IgG4-related
nephritis remains uncertain. Recent research is focused
on disease clusters and examination of environmental is-
sues related to this particular interstitial nephritis.
Ultrasound of the kidneys suggests tumor infiltration.
But kidney biopsy shows that this results not from tumor
infiltration, but from dense infiltration of plasma cells and
IgG4 deposition in the tubular basement membrane.
Differential diagnosis includes lupus nephropathy, ANCA
(anti-neutrophil cytoplasmic antibodies) glomerulone-
phritis, polyangiitis, diabetes, and membranous nephritis.
In view of the many autoimmune features of IgG4-
related nephritis, steroids have been used, which often
result in dramatic therapeutic responses. There is regres-
sion of tubular defects, proteinuria, and restoration of
normal glomerular filtration rate.
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In view of the fact that kidney injury arises from an
external offender, in triggering the chain of events to
interstitial nephritis, removal of the offending substances is
the mainstay of treatment.
For acute interstitial nephritis, withdrawal of the
offending material results in 64% full recovery, 23% partial
response and 13% progression to CKD.9 Prednisone, cyclo-
phosphamide, and plasmaphoresis increase the prospect of
treatment selections. The nephrology consultant can tailor
the options and combinations to the patient’s history,
preference, and comorbidity.
For chronic interstitial nephritis, steroids are effective
in treating patients with sarcoidosis and IgG4-related ne-
phropathy. Standard of care must include close attention to
control of hypertension, treating metabolic acidosis, elec-
trolyte disorders, hyperuricemia, and hyperphosphatemia.9CKD, acidosis, and progression
It has been elegantly demonstrated previously by Nath
et al17 that protracted acidosis leads to increased ammo-
niagenesis, which activates alternative complement
pathway, and ends in interstitial nephritis.
There is renewed, intensified interest in this area of
researchdall asserting to the benefits of maintaining serum
bicarbonate in the normal range in patients with CKD.
First, in a thorough review summarizing all evidence to
date, Choi and Fried18 cast a renewed and intense light on
the importance of treating metabolic acidosis to ameliorate
progression of CKD. They not only focused on the newly
gathering evidence that sodium bicarbonate or citrate
slows the rate of decline in glomerular filtration rate,19,20
but recent strong evidence showing how this is achieved
by reducing urine endothelin-1,21 decreasing NGAL, TGF-b,
and albuminuria.21 The benefits of correcting metabolic
acidosis are clearly supported by these convincing
studies.19e21
In addition, a recent series of studies by Wessner
et al22e26 confirmed how acidosis induces endothelin-
mediated kidney injury and amelioration of acidosis slows
the decline of kidney function. Above all, they defined how
bicarbonate or citrate supplementation significantly
improve nutritional status in patients with early hyperten-
sive nephropathy.25 They also presented convincing evi-
dence that in such patients, fruit and vegetable
supplements and reduction of acid load from meat-based
diets, are as effective as bicarbonate supplements in the
control of acidosis.26
Finally, excellent evidence is presented that documents
how serum bicarbonate concentration maintained in the
normal range gives better preservation of renal function
and longer life in American patients of African heritage
with CKD.27Summary and conclusion
The First Emperor of China took mercury as the elixir for
everlasting life and was rewarded with a shorter lifeinstead. Interstitial nephritis induced by chronic mercury
consumption could have cut short his life. Certainly the
irony of the commonsensible refrain “be careful what you
wish for” got nowhere with him. The irony here is he may
have been the first, but certainly not the last, to fall victim
to such breathtaking hubris.
In our days, we live in a highly interconnected world.
Clustering of one disease in one location, such as Balkan
nephritis, can have relevance to all of us. Prior research
linking aristolochic acid to Balkan nephritis led swiftly to
finding aristolochic acid in the Chinese herb A. fangchi used
for weight reduction, with high risk of interstitial nephritis
and urothelial carcinoma. This has now grown into a
worldwide problem, due to the lack of public awareness
that a nonprescription weight-reduction Chinese herb can
have such dire consequences.
The pathway to fibrogenesis and atrophy is paved by
antigen production, complement activation, cellular infil-
tration, integrin, and microRNA-150. Finding a way to
downregulate their expression could translate into cessa-
tion of fibrogenesis and ending the previously unrelenting
progression to chronic kidney failure. Only time will affirm
if this approach fulfills its promise. For now, treatment
options are limited. Primarily, removal of the offending
environmental agent, be it mercury, lead, cadmium, or
aristolochic acid. Steroid is successful in treating autoim-
mune interstitial nephritis, such as IgG4-related nephrop-
athy and sarcoidosis.
In conclusion, environmental factors contribute to the
development of interstitial nephritis. The clinician must be
constantly vigilant and cognizant of these associations, to
reach the right diagnosis and initiate treatment.
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